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Evaluation of physical properties for a development
of ultrasonic canal irrigation file

ZHAkRl ZI8E* Sang Won Kwak, Hyeon—Cheol Kim*

SAStE X|o/StMB st X|ntE R stmAl
Department of Conservative Dentistry, School of Dentistry, Pusan National University, Dental Research Institute, Yangsan, Korea

Abstract

The purpose of this study was to evaluate the durability and efficiency of nickel titanium (NiTi) cleaning files
with various heat treatments (HTx) and to select one for commercialized product. NiTi files with ISO #20 tip
size was fabricated in six groups with different HTx (no HTx, 100 degree HTx, 150 degree HTx, 200 degree
HTx, Poly group, Tin coating group) were evaluated. Bending stiffness and buckling resistance of each
specimen were measured under American Dental Association Specification No. 28 and Specification ISO
3630-1. The selected one was compared with the DH tip and Endo Activator to evaluate the cleaning
efficiency using natural root canal. Data were analyzed by the one-way ANOVA and the Duncan post-hoc
test at a 95% significance level. The lowest bending stiffness was observed in the TiN coating group. And the
TiN coating and poly group showed the lowest buckling resistance (p < 0.05). No significant difference was
found in the canal cleaning efficiency among the tested groups (p > 0.05). Under the condition of this study,
the file for ultrasonic root canal cleaning shows appropriate endurance and showed similar root canal
cleaning efficiency as much as conventional cleaning aids using sonic or ultrasonic waves. (Endod Dent
Rehabil 2018;19(1):4-9)

Key words: ultrasonic, irrigation, file, nickel-titanium, root canal
<Received on February 6, 2018, Revised on February 26, 2018, Accepted on March 2, 2018>
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Figure 1. The experimental device for bending stiffness.

Buckling resistance
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Figure 2. The experimental device for buckling resistance
test.
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Irrigation efficiency test
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Figure 4. Instruments used in
this study for canal irrigation.
A. EndoActivator (Dentsply
Sirona),

B. ultrasonic irrigation tip (DH
tip; EP dent, Seoul, Korea),

C. ultrasonic irrigation file
(prototype; Maruch, Wonju, Korea),

Table 1. The bending stiffness and buckling resistance of tested ultrasonic irrigation file tip (mean =SD).

Group Bending Stiffness (Ncm) Buckling Resistance (Kgf)
No-Tx 0.153 £0.009° 0212 £0.030°
100Hx 0.178 £0.024° 0.218 £0.026°
150Hx 0.150 £0.010° 0222 £0.019°
200Hx 0.149 £0.010° 0.190 £0.020°
Poly 0.141 £0.013° 0.126 £0.018"
TiN 0.128 £0.015° 0.136 £0.052

«><: Different superscripts mean the significant differences between groups (p<0.05).
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Table 2. The scores of residual intracanal medicament remnants (mean *SD).

Group Mid root canal Apical root canal
EndoActivator 0+£0 0.30 £048
Ultrasonic DH tip 0=+0 0.25 £046
Ultrasonic irrigation file 0=+0 025 046

By EndoActivator
Score 0: Mid root canal
Score 0: Apical root canal

By ultrasonic DH tip
Score 0: Mid root canal
Score 1: Apical root canal

By ultrasonic irrigation file
Score 0: Mid root canal
Score 0: Apical root canal

Figure 5. The representative photographs of residual
intracanal medicament remnants after sonic and ultrasonic
activated irrigation.

Irrigation efficiency test
v AR S 239 HO T AA 82
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(Figure 5, Table 2).
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Shear bond strength of resin modified glass ionomer to
mineral trioxide aggregate with different setting time

Sangwan Kim, Min—Cheol Song, Minju Song, Yong—Bum Cho*

Department of Conservative Dentistry, Dankook University School of Dentistry, Cheon-an, Republic of Korea

Abstract

Objective: Studies on the interaction between Mineral Trioxide Aggregates (MTA) and resin modified glass
ionomer (RMGI) are quite rare. The purpose of this study was evaluated the shear bond strength between
MTA and RMGI.

Materials and Methods: Sixty specimens of MTA were fabricated with cylinder shaped acrylic molds and
the specimens were randomly classified to 6 groups with 10 specimens each. The specimens were stored at
377, 100% humidity. The setting time of MTA and storage time of RMGI-MTA were as follows; G1: 45
min/ 24 hours, G2: 45 min/ 7 days, G3: 24 hours/ 24 hours, G4: 24 hours/ 7 days, G5: 72 hours/ 24 hours,
G6: 72 hours/ 7 days. Shear bond strength was measured with Universal testing machine. To compare the
difference of mean values among the groups, one-way ANOVA and Tukey HSD post hoc test were
performed with a significance level of 0.05.

Results: Compared to the group 1 and 2, other four groups resulted in significantly improved shear bond
strength (p < .05). There was no significant difference between group 1 and 2.

Conclusion: It can be recommended to apply RMGI after complete setting of MTA in order to achieve better
bond strength between MTA and RMGI. (Endod Dent Rehabil 2018;19(1):10-15)

Key words: mineral trioxide aggregate, resin modified glass ionomer, shear bond strength
<Received on February 12, 2018, Revised on March 5, 2018, Accepted on March 11, 2018>

comes from its numerous favorable characteristics.
It is highly biocompatible, less soluble, and rarely

Introduction

Mineral trioxide aggregate (MTA) was initially
developed in 1993 as a retrograde filling material,
and its use in dental field has been expanded to
endodontic microsurgery, apexification, pulpotomy,
repairing internal root resorption, and repairing
radicular perforation.'* The high utility of MTA

*Corresponding author : Yong-Bum Cho

causing any inflammatory responses. Its high
alkalinity makes it an antimicrobial material, and its
sealing ability creates an adequate barrier between
the pulp chamber and the periodontal tissues.” MTA
also has radiopacity slightly greater than that of
dentin.!

Department of Conservative Dentistry, Dankook University School of Dentistry, Cheonan, Republic of Korea

119 Dandae-ro, Dongnam-gu, Cheonan-si, Korea 31116

Email: raindrop @dankook.ac.kr, Kim SW and Song MC equally contributed to this study as first authors.

Acknowledgement : The author denies any conflicts of interest related to this study.
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Table 1. Materials used in present study.

Material Category Composition Manufacturer
Portland cement, tricalcium silicate,
bismuth oxide, dicalcium silicate, tricalcium
ProRoot MTA MTA aluminate, tetra calcium aluminoferrite, Dentsply Tulsa
calcium sulfate dihydrate or gypsum
Glass powder, diphenyliodonium chloride,
. . . . L i
Vljcrebond RMGI copolymer of acrylic and itaconic acids, 2 3M ESPE
Light Cure hydroxyethyl methacrylate

Fast setting MTAs was recently developed, but
initially developed MTAs have long setting time.
Because of long setting time (2 hours 45 minutes)
of ProRoot MTA(Dentsply Tulsa Dental, Johnson
City, TN, USA), this requires additional visits.’* In
another opinion, Mente et al. reported that the time
which is less than 2 days or more than 2 days for
final restoration does not influence the outcome of
direct pulp capping with MTA.® To finalize the
argument of the restoration without additional
visits,” materials compatible with MTA ought to be
identified and recognized for final restoration
immediately over MTA?

There are few reports on the interaction between
Glass Ionomer (GI) and MTA." Application of
composite resin over unset MTA is unfavorable
because it could interfere with MTA setting
reaction, and the process of composite resin
application including etching and rinsing may result
in displacing MTA . Although the bond strength
between MTA and GI was relatively lower than that
between MTA and compomer, Yesilyurt et al
reported that GI bonds with MTA."?

Clinically, it is inevitable to apply RMGI upon
partially set MTA in some cases.'"”"” However,
research investigating the interface between
partially set MTA and RMGI have been conducted
scarcely. Moreover, research related to the bonding
of those two materials could not be found. The
purpose of this study was to evaluate the shear bond
strength between RMGI and white MTA (WMTA),
according to 3 different setting times of MTA : 45
minutes, 24 hours, and 72 hours.

Materials and methods

Fabrication of MTA Specimens
The materials used in this study were MTA
(ProRoot MTA; Dentsply Tulsa Dental, Johnson
City, TN, USA) and RMGI (Vitrebond™ Light
Cure; 3M ESPE, St. Paul, MN, USA) (Table 1). 60
specimens of WMTA were fabricated with cylinder-
shaped acrylic molds. Each acrylic mold has a
diameter of 6 mm with height of 3 mm. (Fig 1)
The WMTA was mixed following the manu
facturer’s recommendations, and filled into the
molds. The surface of MTA was prepared as
smoothly as possible with metal spatula. Then the
specimens were randomly divided into 6 groups
with 10 specimens each and stored with following
conditions. (Table 2)
Group 1, 2 : specimens were stored for 45 minutes

at 37C, 100% humidity.
Group 3,4 : specimens were stored for 24 hours

at 37°C, 100% humidity.
Group 5, 6 : specimens were stored for 72 hours

at 37°C, 100% humidity.

Table 2. Experimental groups (SBS : Shear bond strength).

Group Setting time of MTA Storage time
(n=10)  before RMGI application before SBS test

1 45 min 1 day

2 45 min 7 days

3 24 h 1 day

4 24 h 7day

5 72h 1 day

6 72h 7 days

11
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Application of the RMGI

The surfaces of WMTA specimens were not treated
at all, but gently air-dried to evaporate excess
surface moisture before applying RMGI. RMGI
was prepared following the manufacturer’ s
recommendations, then placed on the center of each
WMTA specimen using another mold with 4 mm in
diameter and 2 mm in height (Fig 1). After applying
RMGI, light cure was done for 40 seconds with a
light-emitting diode curing unit (Elipar FreeLight 2;
3M ESPE) with the intensity of 1,200mW/cm’.

55 = Loading,
MR, E - =8
""""" V- Gl -
]. MTA - ‘
Acrylic

mold .

Figure 1. Fabrication of specimens and shear bond strength test.

The RMGI specimens were set in the acrylic molds
for 3 minutes for complete setting. Afterwards, the
spencimens were stored with following conditions
after removing the mold carefully.

Group 1,3,5 : specimens were stored for 1 day
at 37C, 100% humidity.

Group 24,6 : specimens were stored for 7 days
at 37°C, 100% humidity.

Shear Bond Strength Measurement

Shear bond strength (SBS) was measured using
Universal Testing Machine (Instron 3344; Instron
Co., Wilmington, DE, USA). A knife-edge blade
attached to the crosshead pressured on each
specimen with the speed of 0.5 mm/min until the
MTA-RMGI bond was broken. (Fig. 1) Shear bond
strength values were obtained in newtons (N) and
converted to MPa. Mean value and standard
deviation were obtained.

Statistical Analysis

The difference of mean values among the groups
were compared with one-way ANOVA and Tukey
HSD post hoc test at a significance level of 0.05

12

significance using SPSS 19.0 (SPSS Inc., Chicago,
IL, USA).
Results

The shear bond strength values are summarized in
Table 3. Compared to the group 1 and 2, other four
groups showed high shear bond strength (P < 0.05).
There was no significant difference between group
1 and 2 and other four groups also showed no
significant difference on the shear bone strength.

For the failure type, Group 1 and 2 showed
cohesive failure except for one specimen, while
other four groups showed mixed or adhesive failure.

Table 3. Shear bond strength (MPa) and type of failure.

Mean +/-SD
1 0.523(0.344)" 9C IM
2 0.465(0.274) 10C
3 2.179(0.804)" M 3A
4 2.879(1.017) 8M 2A
5 2.420(0.716) M 3A
6 2.626(0.435) 4M 6A

(C: cohesive failure, M: mixed failure, A: adhesive failure)

Discussion

RMGI is a combined form of glass ionomer cement
and composite resin, containing both acid-base
components and polymerizing resin components.
RMGI is made up of fluoroaluminosilicate glasses,
polyacrylic acid, photo-initiators, water, and water-
soluble methacrylate monomer, for example,
hydroxyethyl methacrylate (HEMA), which may
bond to the polyacrylic acid. Similarly to the
conventional GI materials, RMGI also releases
fluoride and chemically bond to tooth structure. In
addition, higher strength would be obtained."*"

MTA powder contains fine hydrophilic constituent
of tricalcium aluminate, tricalcium silicate, and
tricalcium oxide. Its miscellaneous mineral oxide
has an effect on chemical and physical properties of
MTA > In WMTA, high proportion of mineral
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oxides could contribute to strong bonds between GI
and WMTA. The water plays a critical role in MTA
setting.”® Hydration process during the setting of
MTA and GI might change the physical properties
on both materials.” Therefore, amount of the water
should be considered before placing GI over
incompletely set MTA.

However, Nandini et al. reported that Ca(OH)2 was
generated at the interface between the MTA and GI,
and they do not affect the setting process each other
regardless the period before GI application.’
Carboxyl group in polyacrylic acid of GI interact
with the calcium ion in MTA, which forms calcium
salts and silicate hydrate gels promoting chemical
bonds. Yesilyurt et al. reported that there was no
significant difference according to the period
between GI application and MTA mixing.’ Ballal et
al. also reported that application of GI 45 minutes, 4
hours, or 3 days after MTA filling had no effect on
setting of either materials."” Therefore, GI material
could be considered as a permanent or provisional
restoration over incompletely set MTA

This study using RMGI showed lower shear bone
strength compared to previous studies using
conventional GI, especially in the group of RMGI
application 45 minutes after WMTA mixing.’ It
could be explained by the influence of HEMA that
are contained in the RMGI. Carboxyl group in
RMGI is expected to form ionic bonding with
hydroxyl group of HEMA in RMGI as well as
calcium ion in MTA. Therefore, compared to GI,
RMGI might be unfavorable because carboxyl
group would compete with hydroxyl group to make
chemical bonding and calcium ion in MTA.
Vitrebond™ Light Cure (3M ESPE) used in this
study has lower content of HEMA comparing to
Fuji Lining LC (GC, St. Alsip, USA) and Fuji T
LC (GC), which resulted in less competition.”
When RMGI was placed over moist dentin,
interposition of ‘absorption layer has been found
through tandem scanning confocal microscopy.*'*
This absorption layer is thought to be formed by
sorption of water from dentine during setting
process. As HEMA from the resin matrices of

RMGI penetrated the dentine having abundant
water, HEMA polymerizes into soft poly (HEMA)
hydrogel layer.” Based on the fact that attraction of
water from dentine into HEMA in the resin matrices
results in the formation of the absorption layer, it is
reasonable to presume that both HEMA and water
may diffuse into empty spaces adjacent to the
interfaces of RMGI and dentine. In addition,
osmotic gradient between polyalkenoic salt matrix
and hydrophilic resins induces water absorption
from dentine.* It is assumed that the diffusion of
water could also occur at the interface of moist
MTA and RMGI, which could lower the bond
strength of the material by disturbing complete
setting of MTA not affecting.

In group 1 and 2, RMGI was applied over the MTA
after 45 min, which could disturb the setting of the
superficial MTA when insufficient setting of MTA
by water was occurred. Vitrebond™ Light Cure in
this experiment showed the largest release of
HEMA after light or chemical polymerization
among four types of RMGI in the previous study.”
Therefore, the effect of absorption layer was
manifested more dramatically. Additional study is
needed to investigate whether the other types of
RMGI would show similar results.

Tsujimoto et al. reported that air drying dehydrates
MTA surface resulting in interruption of setting and
decrease of microhardness in MTA surfaces.”
Likewise, in this study, MTA surface was dried by
air before the application of RMGI. In group 1 and
2, air dry was executed when less curing reaction of
MTA had been occurred compared with the other
groups. For this reason, it seems that the MTA
setting in group 1 and 2 was insufficient. Group 1
and 2 did not have significant difference of shear
bond strength, and 9 of 10 specimens of group 1, all
specimens of group 2 showed cohesive failure in
MTA. These results suggest when RMGI is applied
upon partially setting MTA, complete setting of the
MTA could be disturbed at this interface between
RMGI and MTA. And it lasts even after 7 days of
storage time.

Respective comparison of group 1 and 2,3 and 4, 5

13
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and 6 showed no significant difference of shear
bond strength. This implies that storage time of
MTA up to 7 days after application of RMGI does
not have significant influence on the shear bond
strength of MTA-RMGI. Also, there was no
significant difference among group 3,4, 5, 6. This is
comprehended that setting time of MTA before
RMGTI application over 24 hours would be
acceptable, additional setting time of the MTA does
not significantly affect shear bond strength.

Lower shear bond strength in group 1 and 2 might
be caused by incomplete setting of MTA itself
rather than weak bonding between RMGI and
MTA. Sufficient thickness of MTA or additional
moisture supply would provide MTA sufficient
water for complete setting, which could lower the
moisture depletion on the surface of the MTA, thus
reduce incomplete setting of the MTA. Clinically if
one-day application of RMGI over MTA is
inevitable, MTA thick enough to provide sufficient
moisture could help stable bonding.

Conclusion

Within the limitation of this study, it can be
concluded that application of RMGI upon partially
setting MTA disturbed setting of MTA and reduced
shear bond strength of RMGI to MTA. Additional
setting time of the MTA did not significantly affect
shear bond strength. This effect lasted even after 7
days. When setting time of MTA before application
of RMGI was more than 24 hours, additional setting
time of the MTA did not significantly affect shear
bond strength.
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Intentional replantation of maxillary first molar with
partlal osteotomy: a case report

Hyoung—Hoon Jo, Hee-Won Ku, Ho—Keel Hwang*
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Abstract

Intentional replantation is a viable treatment option for failed root canal treatment. However, this treatment
option is contraindicated in teeth with flared root because of the risk of root fracture. To overcome this
potential problem, partial osteotomy has been introduced. This case report describes intentional replantation
of maxillary first molar with partial osteotomy. (Endod Dent Rehabil 2018;19(1):16-21)

Key words: intentional replantation, partial osteotomy, safe extraction, maxillary molar, maxillary sinus
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Management of latrogenic Root Perforation using
Mineral Trioxide Aggregate

So—Yeon Mo, Woo—Young Kim, Ji-Hyun Jang

Department of Conservative Dentistry, Kyung Hee University, School of Dentistry, Seoul, Korea

Abstract

Occasionally, posttreatment endodontic disease may result from root perforation, which is caused
iatrogenically during endodontic treatment. The outcomes of management of root perforation are usually
unpredictable due to the various clinical factors including location of perforation, timing of the intervention,
and the limited approach to perforation site. Mineral trioxide aggregate (MTA) is currently the most indicated
material for repair of root perforation, because of its favorable biocompatibility and sealing ability. Using
magnification with dental operating microscope enhance the accessibility and visibility to manage the root
perforation. It is important to diagnose and repair perforations immediately if possible. This case report
described the management of iatrogenic endodontic perforation via surgical or nonsurgical methods using
MTA. (Endod Dent Rehabil 2018;19(1):22-27)

Key words: Perforation repair, Mineral Trioxide Aggregate, Root Perforation
<Received on February 19, 2018, Revised on March 5, 2018, Accepted on March 7, 2018>

most indicated material for various endodontic
failures because of its favorable biocompatibility
and sealing ability.’ It has many advantages over
other restorative materials when used in the

Introduction

Root canal perforations are defined as the
communication between the pulp cavity and the

periodontal tissue or alveolar bone. Perforations
have iatrogenic or pathological etiologies that
involve caries or resorption. It leads to
inflammation and the destruction of periodontal
fibers and alveolar bone, followed by periodontal
defect.! Root perforation can be managed by non-
surgical or surgical method according to the various
clinical factors including size and location of
perforation, time of occurrence and periodontal
lesions around the defect.”

Mineral trioxide aggregate (MTA) is currently the

*Corresponding author : Ji-Hyun Jang, DDS, PhD

treatment of perforation, and has shown good
clinical results over a long period of time.*® This
case report describes the cases of perforation repair
performed through surgical methods using MTA
and their clinical follow-ups.

Case Report

Case 1: Nonsurgical management of furcation
perforation using conventional MTA
An 18-year-old female patient visited with
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Figure 1. (A) Preoperative radiograph. (B) At 1 week follow—up, the sinus tract disappeared. (C) 3 months later, the tooth
remained with no clinical symptoms. (D) 6 months later, the patient was asymptomatic and satisfied with function of the tooth.

complaint of sinus tract on the right lower first
molar. Clinical examination revealed a sinus tract
on buccal gingiva of the right lower first molar with
pus discharge. The periodontal pocket depth was
especially deep in midbuccal area of examined
tooth. The tooth had mobility but was not sensitive
to percussion and bite tests.

The periapical radiograph showed radiolucent
lesion in furcation area (Fig. 1A). In the previous
chart, the perforation of the pulpal floor was found
at re-endodontic treatment and perforation site was
repaired using MTA (ProRoot MTA, Dentsply,
Tulsa, OK, USA). The decision to repair perforation
under flap operation was made after the patient had
been informed about the expected prognosis and
treatment alternatives.

Following local anesthesia, the flap was carefully
elevated. The perforation area was curetted and
prepared under operating microscopic observation
(Zeiss OPMI pico, Carl Zeiss, Goettingen,
Germany) at the range of 7.5-15X magnification.
The MTA (ProRoot MTA) filling was performed
and the flap was repositioned.

At 1 week follow-up, the sinus tract disappeared
(Fig. 1B). At 1 month, 3 months follow-up, the tooth
remained with no clinical symptoms and crown
restoration was performed (Fig. 1C). 6 months later,
the patient was asymptomatic and satisfied with
function of the tooth (Fig. 1D).

Case 2: Nonsurgical management of furcation
perforation using calcium silicate

A T7-year-old female patient was referred to our
department with problem which is perforation of
distolingual canal on the left lower first molar
during post drilling from prosthetic department.

On clinical examination, the patient didn’ t have any
discomfort on percussion and biting test. And that
tooth didn’ t show mobility. But after removal of
temporary sealing materials, furcation perforation
on the distal root was observed with blood
discharge (Fig. 2B).

The perforation repair was performed under
operating microscopic observation (Zeiss OPMI
pico) at the range of 7.5-15X magnification. After
hemostasis using Bosmin solution (Jeil Pharm,
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Figure 2. (A) Preoperative radiograph. (B) Furcation perforation on the distal root was observed. (C, D) The perforation site
was repaired using calcium silicate cement, Biodentine. (E) One month later, the clinical symptoms completely
disappeared. After fiber post and resin core treatment, crown treatment was continued. (F) At 5 months follow-up, the
patient was asymptomatic.

Korea) and sterilized paper point, the perforation  restoration was performed (Fig. 2E). At 3-month
site was filled with Biodentine (Septodont Saint ~ and 5-month follow-up, the patient was
Maur des Fosses, France) (Fig. 2C and D). asymptomatic and satisfied with function of the
After 2 weeks, the tooth remained with no clinical tooth (Fig. 2F).

symptoms and fiber post, resin core and crown

Figure 3. (A) Preoperative radiograph. (B) Endodontic treatment was completed. (C) Strip perforation on distal surface
of the mesial root was observed. (D, E) The tooth was replanted after perforation repair and root—end filling using
ProRoot MTA (Dentsply). (F) 1 month later, the clinical symptoms completely disappeared.

24



Endodontics & Dental Rehabilitation

Case 3: Surgical management of strip perforation
A 53-year-old female patient visited with complaint
of spontaneous pain on the left lower second molar.
Clinical examination revealed tooth mobility,
tenderness to percussion and bite. There was no
sinus tract. She had received root canal treatment 20
times at the local clinic because of the pain.

The periapical radiograph showed periapical
radiolucency (Fig. 3A). Endodontic treatment was
continued, but the pain did not disappear (Fig. 3B).
Thus, the decision to perform intentional
replantation procedure was made after the patient
had been informed about the expected prognosis: to
extract the tooth, check for root perforation or crack
and replant it after performing an extra-oral
retrograde filling.

Following local anesthesia, the tooth was carefully
extracted. After extraction, root surface was
thoroughly observed under microscope (Zeiss OPMI
pico), and the strip perforation on distal surface of
the mesial root was observed (Fig. 3C). The tooth
was replanted after perforation repair and root-end
filling using MTA (ProRoot MTA) and fixated with
suture splint for 1 week (Fig. 3D and E).

At 1 month follow-up, the clinical symptoms
completely disappeared. At 3 months follow-up, the
patient was asymptomatic and satisfied with
function of the tooth (Fig. 2F).

Case 4: Surgical management of apical perforation
A 34-year-old female patient visited with complaint
of continuous mild irritation after endodontic
treatment of the left upper premolar. On clinical
examination, the patient had sensitivity on
percussion and biting test on maxillary left
premolar. Her past dental history revealed that tooth
#25 was endodontically treated and recently re-
treated due to periapical radiolucency with severe
pain.

The periapical radiograph (Fig. 4A) showed the
radiopaque mass assuming as overfilled filling
material of medicament in apical area with
incompletely removed gutta-percha (GP) cones in
canal. To verify the root morphology and the
anatomical location of the overfilled material with
maxillary sinus, cone-beam computed tomography
(CBCT; i-CAT, Imaging Sciences International, Inc,
Hafield, PA, USA) was taken as a complementary
examination. The CBCT images (Fig. 4B) showed
that the overfilled material in the apical area of tooth
#25, with the size of estimated 8mm in width, is in
the base of maxillary sinus. Based on the clinical
and radiographic findings, the tooth was diagnosed
as chronic apical abscess and subsequently surgical
removal of overfilling material and ith apical
perforation repair was planned. The canal was
disinfected and obturated with GP cone prior to

CrossSectional

Figure 4. (A) Preoperative periapical radiograph. The arrow indicates the overfilled calcium hydroxide. (B) CBCT images.
The overfilled endodontic medicament is located within the maxillary sinus floor. (C) Postoperative periapical radiograph. The
materials are completely removed, and the irritating symptoms were resolved.
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surgery.

Under local anesthesia, maxillary sinus exploration
was performed via a surgical procedure conducted
in the Department of Oral Maxillofacial Surgery.
The root apex of tooth #25 was resected and the
foreign substance was removed through fenestration
of the maxillary sinus, followed by the irrigation of
copious saline solution irrigation. The apical
perforation area was prepared and retrograde filled
with MTA (ProRoot MTA). The wound was then
cleaned, and the flap was repositioned and sutured.
At three months follow-up, the patient did not
report any discomfort, and the irritating feeling of
the maxillary sinus area was resolved (Fig. 4C). At
six months follow-up visits, there were no clinical
or radiographic signs of failure of apical surgery and
the tooth was functional, so that it was restored with
porcelain fused gold (PFG) crown.

Discussion

Root perforation might be caused from the
pathological occasions such as root caries or
resorptive defects, but most commonly occurs
iatrogenically during or after root canal treatment.
The occurrence of perforations during endodontic
treatment is reported to range from 2.3%-12%,
which is not a complication rarely happens.'

In the whole cases, conventional MTA or the novel
cement, Biodentine were used for the management
of perforation. Those biocompatible cements are
also named as a hydraulic calcium silicate cements.
ProRoot MTA was the first hydraulic calcium
silicate cements, which were originated from
Portland cement, and patented for endodontic
applications. The calcium silicates are hydrophilic
and set in the presence of moisture. There are many
desirable bioactive properties that influence their
surrounding environments, and promote the tissue
repair or regeneration. There has been no perfectly
clarified evidence for the mechanism of the
endodontic calcium silicate up to now. However,
the general biological mechanisms of calcium
silicate cement might be the coincident reaction of

26

the endodontic MTA. According to the previous
studies with X-ray diffraction (XRD) and Fourier
transform infrared spectroscopy (FTIR), the
calcium silicate cements form the natural interfacial
bonding between cement and hard tissue by the ion
exchange reaction with body fluids. The hydration
of the cement results in the Portlandite (calcium
hydroxide) and calcium silicate, and with reaction
of body fluid, they are dissolved and resulted in the
deposition of amorphous calcium phosphate. It acts
as a precursor phase of hydroxyl apatite, and it
contributes to the biological significance for the
osteogenic biomineralization.™

To manage of the perforation, the use of
magnification is one of the significant clinical
factors to determine the prognosis of tooth. In
previous studies, the management of endodontic
microsurgery using dental operating microscope
allows more precise procedure with micro devices
and instruments under proper magnification, and
provides sufficient illumination for the operating
field, which is usually very limited to approach.”"
Using a dental microscope provides a predictable
treatment outcome with better success rate and
reduces complications.'*"

In this case reports, the surgical or nonsurgical
methods were applied for different clinical
indications. The surgical intervention may be
indicated as following, There is uncertainty about
the shape or nature of the defect; The defect is
subcrestal and associated with pathology or
symptoms; Internal access is not possible because
of an extensive intracoronal/extra coronal
restoration; There is a large defect preventing
control over materials; There is an apical third
perforation with persistent disease that cannot be
adequately cleaned and repaired; There is external
cervical resorption not amenable to internal repair
surgical management is indicated if either the case
is not responding to non-surgical treatment, or if
management of the affected periodontium is
required.** For the case 1 and 2, the perforation
sites were limited to the furcal area or coronal root,
which were able to approach under microscopic
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observation. However, in the case 3, the restoration
of strip perforation site using MTA was hard to
deliver the material and apply the condensation
pressure properly, though the clinician uses the
magnification. In the case 4, the overfilled
intracanal medicaments (Calcipex, Nippon Shika
Yakuin Co., Yamaguchi, Japan) were not able to
remove via orthograde root canal treatment. With
the cooperation of oral surgeon, the sinus lateral
surgical Caldwell Luc operation was performed,
and overfilled material was removed and
thoroughly irrigated. More careful management is
essential for the canal irrigation, medication and
obturation in the case of open apex, wide apical
sized canal or apical perforation. Overfilled
medicaments or filling materials can be an irritating
foreign body, and may cause not only the
inflammation but also the severe pain or even
degenerative irreversible changes for periodontal
tissues."

Conclusively, the findings of our study indicates
that the perforation repair by surgical or nonsurgical
approach using MTA lead to a reliable and
predictable treatment outcome for those cases. With
proper case selection, perforation repair using
calcium silicate cements and appropriate
magnification from dental microscope can provide
favorable prognosis.
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Abstract

Intentional replantation is a useful and indispensable procedure that can be applied lastly for tooth
preservation in situations where non-surgical endodontic treatment and apical surgery are difficult. However,
there are many practitioners who are afraid of the outcome of the procedure because of the rejection due to
the operation that accompanies the extraction, and the few studies that can predict the prognosis. Recently,
several studies reported clinical outcomes of intentional replantation procedures performed with
contemporary techniques. This article aimed to compare the old and new studies regarding intentional
replantation and suggest ways to make the procedure comfortable and predictable(Endod Dent Rehabil

2018;19(1):28-31)
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MTA obturation
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In the 21st century, a new material called mineral trioxide
aggregate (MTA) has been introduced in the dentistry. Its
chemical basis is hydraulic calcium silicate and three major
characteristics are sealability, antibacterial effect and bioactivity.

MTA orthograde obturation has the following properties.

1. Sealability: MTA perfectly blocks germ transmission both
inside and outside the root canal. Also, it can form the interfacial
layer (zero-micron gap) at the interface between dentin and
MTA as well in the dentinal tubules by way of gradual
formation of hydroxyapatite.

2. Antibacterial activity: Initial anti-bacterial effect can be
achieved by high alkalinity. Bacterial entombment by
intratubular biomineralization will occur after MTA obturation.
Short tag-like structures by calcium silicate gel obliterate the
entrance of the dentinal tubules and long tag of calcium deficient
hydroxyapatite (CDHA) crystals gradually occlude the lumens
of dentinal tubule. This bacterial entombing mechanism is a
novel aspect of MTA obturation which has not been reported in
any other conventional root canal filling material like GP cone.

3. Bioactivity: In animal studies, MTA has been shown to
promote cementum formation and apical root closures. MTA is
not inert, but rather, by release of calcium and subsequent
CDHA precipitation, MTA plays an active role in promoting
hard tissue formation.

However, MTA has some drawbacks, such as irretrievability

- FSCHSlR RlDthe} Ko EstmA ma
Bt xI5e X|oEEstAl ne
FHUEIH thet 2Ex|=atn olst weene

MTA Canal Obturation
Rationale & Long-term clinical outcomes of

from root canals, a tooth discoloration, and handling difficulty.
Also, there is a possibility of inherent voids or porosities within a
set MTA. Therefore, recent literatures suggest the usefulness of
bioceramic-based trioxide aggregates instead of Portland
cement-based trioxide aggregates

This lecture will be presented the possibility of MTA as one of
promising obturation materials and its long-term clinical
outcome as well as how to overcome the inherent drawbacks of
Portland cement-based MTA based on the literature reviews,
research, and clinical cases.
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